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Abstract 23 
 24 
Animal and plant diseases pose a serious and continuing threat to food 25 
security, food safety, national economies, biodiversity and the rural 26 
environment. New challenges, including climate change, regulatory 27 
developments, changes in the geographical concentration and size of 28 
livestock holdings and increasing trade make this an appropriate time to 29 
assess the state of knowledge about the impact that diseases have and the 30 
ways in which they are managed and controlled. In this paper, the case is 31 
explored for an interdisciplinary approach to studying the management of 32 
infectious animal and plant diseases. Reframing the key issues through 33 
incorporating both social and natural science research can provide a holistic 34 
understanding of disease and increase the policy relevance and impact of 35 
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research. Finally, in setting out the papers in this Theme Issue a picture is 36 
presented of current and future animal and plant disease threats.  37 
 38 
Introduction 39 
 40 
Incidents of animal or plant disease are not solely natural occurrences. Human actions 41 
are extensively implicated in the spread and outbreak of disease. In turn, disease 42 
affects human interests widely, and much effort is spent in the control of disease. 43 
Consequently, it is difficult to prise apart the natural phenomena of disease and the 44 
social phenomena of the drivers, impacts and regulation of disease. Yet our 45 
understanding of animal and plant diseases is riven by a great divide between the 46 
natural and social sciences – a divide that is entrenched in differences of research 47 
methods, approaches and language. The resulting fragmentation of knowledge hinders 48 
progress in understanding and dealing with disease.  49 
 50 
The aim of this theme issue is to bring together different academic disciplines to offer 51 
fresh insights into contemporary animal and plant disease threats. In this introductory 52 
paper we outline the complex interactions between the natural and the social in animal 53 
and plant diseases, and present the case for an interdisciplinary approach, combining 54 
natural and social sciences, to disease management. Firstly, we address the two most 55 
pressing drivers of disease spread - climate change and globalisation - to illustrate the 56 
interplay of human and natural factors. Secondly, we explore the interrelationship 57 
between disease and the political, social and economic context in which it occurs, 58 
demonstrating the significance of that context by comparing and contrasting the 59 
different regimes surrounding plant and animal health. The paper then introduces the 60 
concept of interdisciplinarity and the ways in which it can prompt new insights into 61 
the transmission, effects and management of disease. Finally, we set out the papers in 62 
this Theme Issue and the prospect they provide on present and future disease threats. 63 
 64 
Drivers of future disease threats 65 
 66 
Two contemporary processes stand out in their transformative and far-reaching impact 67 
on the spread of infectious animal and plant diseases. The first is climate change, 68 
which is profoundly altering the distribution of disease organisms, at the same time as 69 
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it is increasing the vulnerability of agriculture in certain regions due to drought, 70 
salinity, flooding or extreme weather events. The second is globalization, the 71 
increasing movement of people, goods and information, that poses challenges for 72 
border controls, food supply chains and trade patterns, but is also a force behind the 73 
development of national and international systems of regulation.  74 
 75 
Plant and animal disease experts in the UK were surveyed in 2006 regarding the most 76 
important drivers of future disease threats [1]. For plant diseases, the major drivers 77 
identified were pesticide-resistant disease strains and a lack of new pesticides, an 78 
increase in trade and transport of crops and plants, and an increase in ambient 79 
temperatures. For animal diseases, the major drivers were inadequate systems for 80 
disease control and weaknesses in their international implementation, the threat of 81 
bioterrorism, emergence of drug resistance and a lack of new drugs, increased trade in 82 
animals, the spread of illicit trading and other risky practices, and increased 83 
temperatures. Interestingly, lack of understanding of the biology of the pathogens did 84 
not figure, but aspects of climate change and globalisation appeared under both 85 
headings. 86 
 87 
Climate change 88 
 89 
Climate change in its contemporary form is not simply a „natural‟ process, but is 90 
increasingly caused by human behaviour. In turn, climate change affects disease 91 
transmission at three levels:  firstly, it acts directly on the biology and reproduction of 92 
pathogens, hosts or vectors; secondly, it affects the habitats present in a region, the 93 
community of hosts that can live in them and the lifecycles, or lifestyles, of those 94 
hosts; and thirdly, climate change induces social and economic responses, including 95 
adaptive and mitigating measures, which alter land use, transport patterns, human 96 
population movements and the use and availability of natural resources [2].  While the 97 
first is a matter of biology, the second and third levels include increasing social 98 
components. 99 
 100 
The effects of climate change on disease will differ between pathogens. A Foresight 101 
analysis identified increasing disease risks as a result of warmer temperatures in 102 
Europe, including from powdery mildew and barley yellow dwarf virus and from 103 
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vector-borne diseases such as Bluetongue, Lyme Disease and West Nile virus [2]. 104 
Depending on their biology and temperature and water requirements, plant diseases 105 
may increase or decrease.  However, there is evidence that certain pathogens such as 106 
wheat rust that currently flourish in cool climates could adapt to warmer temperatures 107 
and cause severe disease in previously unfavourable environments [3]. For animal 108 
diseases, increases are likely for vector-borne diseases, because insect and tick 109 
reproduction and activity are particularly sensitive to increases in temperature. As 110 
well as affecting the incidence and severity of disease, climate change will also 111 
influence the spread and establishment of non-native plants and animals.  If they 112 
prove invasive, they too may impact on crop management, livestock husbandry, 113 
silviculture and infrastructure maintenance, as well as the native fauna and flora. Such 114 
changes to host ecology and environment are additionally important as even relatively 115 
small changes in the basic reproduction rate can have large impacts on the incidence 116 
of infection in a population, as pathogens more successfully jump species [4]. 117 
 118 
While we can thus identify some likely trends in the status of particular diseases, a 119 
second and equally important feature of climate change is the increased uncertainty it 120 
ushers in. As the Foresight report notes, there is “considerable uncertainty arising 121 
from the many, often conflicting, forces that climate imposes on infectious diseases, 122 
the complex interaction between climate and other drivers of change, and uncertainty 123 
in climate change itself” [2]. Effects of climate change that act indirectly on infectious 124 
diseases, via effects on other drivers, are particularly hard to predict. These include 125 
the social and economic responses to climate change such as shifts in land use and 126 
transport and trade patterns. 127 
 128 
Agricultural processes, for example, have an active interplay with climate change, 129 
altering the conditions for disease. While agriculture is affected by rising temperatures 130 
and changing precipitation patterns, and must adapt, the production of food is a 131 
significant generator of greenhouse gases and is under pressure to mitigate them. 132 
(Agriculture contributes about 7% of the UK‟s greenhouse gas emissions [5].) 133 
Changes in agricultural systems are therefore likely to have complex consequences for 134 
disease threats. For example, agricultural adaptation will necessitate geographical 135 
shifts in cropping zones, potentially introducing disease into new areas and prompting 136 
novel disease challenges. Even agricultural mitigation measures may have unintended 137 
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consequences. For example, one technology recently promoted to combat greenhouse 138 
gas emission is on-farm anaerobic digestion as a means of processing farm waste and 139 
generating green energy simultaneously [6].  However, pathogens can enter digestors 140 
in slurry and other feedstock and be re-introduced to the field when the digestate 141 
residue, if not properly treated, is applied to a crop [7]. 142 
 143 
Globalization 144 
 145 
Globalization is the other major process increasing disease spread, through rising 146 
volumes of trade in plants and animals within and between countries, growing 147 
numbers of tourists and other travellers potentially transporting disease organisms, 148 
and an increasingly international food supply chain that extensively moves around 149 
plant and animal products for processing and sale. The effects are more strongly seen 150 
in the less regulated world of plants.  In the UK, a rapid growth in horticultural trade 151 
has led to many new disease introductions including the fungus Phytophthora 152 
ramorum [8, 9], which poses a serious threat to a range of indigenous trees and shrubs. 153 
Forestry in general has seen a dramatic pattern of new disease and pest introductions, 154 
particularly through the recent opening up of trade between East Asia and other 155 
regions [10]. Over the 20
th
 Century, the number of new plant fungal, bacterial and 156 
viral diseases appearing in Europe has risen from less than five to over 20 per decade 157 
[11]. Much of this is attributable to increased trade, transport and travel, and there is 158 
no indication that the trend is abating.  159 
 160 
Again, the agricultural sector is implicated in increasing disease threats, in this 161 
instance through changes to the scale of production and trade in response to 162 
globalising markets. For example, structural change in the international horticultural 163 
industry has been towards fewer and larger producers and an increasing involvement 164 
of multiple retailers, leading to a concentration in the number and size of companies 165 
together with a major expansion of trade pathways [12, 13, 14]. The geographical 166 
concentration and intensification of production that globalisation has fostered also 167 
favours certain diseases.  For example, extremely high densities of European wheat 168 
crops have been linked to the increasing transmission potential of diseases such as 169 
yellow rust [15]. Similar restructuring processes are heightening disease vulnerability 170 
in livestock. The reduction in income per animal, coupled with mechanisation, has led 171 
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to fewer farmers managing more animals per farm, and more animal movements 172 
between farms. For example, pig farms purchase breeding stock to maximise uptake 173 
of new genetics, and young pigs from many farms are moved and reared together in 174 
their thousands. These behaviours, and similar developments in other livestock sectors, 175 
help pathogens survive in metapopulations [16]. 176 
 177 
The threat posed by increasing trade and tourist movements is largely a threat to the 178 
biosecurity systems of individual farms and those put in place to prevent disease 179 
entering particular countries. These systems are increasingly sophisticated, 180 
underpinned by advances in rapid diagnostic technologies and, particularly in the 181 
horticultural sector, new approaches to risk assessment and management of emerging 182 
pathogens. However, the volume and diversity of threats is challenging these systems. 183 
Some pathways of disease introduction are difficult to measure and regulate 184 
efficiently, for instance illegal trafficking of bushmeat or booming horticultural 185 
imports.  Globalisation also circumscribes the autonomy of traditional, nation-state 186 
based systems of authority, emphasising additionally: individual and collective 187 
arrangements and responsibilities amongst farms and businesses in sectors and supply 188 
chains; as well as transnational systems of regulation.  189 
 190 
The open internal borders within the European Union and the variable exercise of 191 
external border controls reduce the capacity of any European nation to keep out 192 
diseases of animals and plants on its own [17].   European regulatory frameworks on 193 
animal and plant diseases are nested within international frameworks which determine 194 
what organisms and products can be denied trade access and under what 195 
circumstances, without contravening the rules of the World Trade Organisation.  196 
International plant health protocols, for example, compile lists of harmful organisms, 197 
principally pathogens that have spread beyond their centres of origin causing disease 198 
elsewhere. However, many of these „newly escaped‟ organisms were previously 199 
unknown to science and were not therefore on any international list before they 200 
escaped and began to wreak havoc, including Dutch elm disease, sudden oak death, 201 
phytophthora and box blight in the UK [18]. 202 
 203 
As this brief overview has illustrated, the spread of animal and plant diseases is 204 
heavily influenced by human behaviour in direct and indirect ways. Human-induced 205 
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globalisation and climate change are increasing the spread of disease, both separately 206 
and in conjuction. Disease organisms may be transported more easily as a result of 207 
extended trading systems, but they may also find more favourable conditions for 208 
reproduction and transmission as a consequence of global warming. Not just in 209 
relation to disease incidence, though, but in disease management also, one can see 210 
parallel interrelationships between the natural and social aspects. The regulation of 211 
animal and plant diseases is a fluid and multifaceted collection of impacts and 212 
management responses. We now review some of these impacts and responses, 213 
demonstrating how scientific understanding of disease spread must be understood in 214 
the context of human responses to disease threats. 215 
 216 
Regulatory relations of infectious diseases  217 
 218 
The management of disease takes place within regulatory frameworks set out by 219 
national governments and intergovernmental organizations. In the UK, there are 220 
different regulatory frameworks for animal and plant diseases, partly reflecting 221 
biological differences between the two.  For example, there are many more species of 222 
plant farmed than livestock. Key crop species and threats vary depending upon 223 
geography and climate, making a global shortlist of crop threats less relevant, and 224 
favouring local risk analysis as a means of identifying national priorities [10].  225 
 226 
However, there are also historical political factors affecting the ways that plant and 227 
animal diseases are dealt with. Animals are high-value investments relative to crops, 228 
which may account for the greater protection afforded against animal disease 229 
historically [10]. Over the past 150 years diseases have been controlled for a whole 230 
variety of different reasons, including protecting the nation‟s reputation abroad, 231 
lobbying by livestock breeders, safeguarding public health and avoiding disruption of 232 
trade [19]. The political imperatives to control disease have important consequences 233 
for the governance structures that are put in place to regulate trade and monitor and 234 
combat diseases [20].   The ways in which different attitudes towards animal and plant 235 
diseases are manifested in different political and policy regimes are summarised in 236 
Table 1. 237 
 238 
 239 
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 240 
 Plant Livestock 
Government 
Intervention 
Government does not 
compensate affected producers, 
but covers costs of testing, 
surveillance etc.  
Government currently covers costs 
of disease control for exotic 
diseases plus compensation for 
some endemic diseases. 
Industry 
Cohesion 
Agricultural sector strong, with 
industry-led trade agreements, 
and market structures to 
discourage bad practice 
amongst producers. Less 
cohesion in horticultural sector. 
Individualistic approach to 
endemic disease control; poor 
communication and “free-loading” 
by producers. 
Disease 
Surveillance 
Routine testing and 
surveillance of regulated plants 
and plant products (e.g. 
potatoes).  No surveillance of 
unregulated endemic pests and 
pathogens. 
Routine testing for government 
controlled (exotic) diseases; poor 
surveillance for endemic diseases. 
Welfare Apart from some aspects of 
biodiversity, plant welfare is 
not a public concern. 
Zoonotic risks, animal welfare and 
biodiversity are important factors 
in disease control policy. 
Professional 
Expertise 
Plant pathologists and plant 
health inspectors have a low 
profile. 
Veterinarians are a well organised 
profession and have a relatively 
high political profile; Chief 
Veterinary Officer holds 
considerable legal responsibilities.  
Table 1: The different regimes for plant and animal disease in the UK 241 
 242 
The regulation of animal and plant diseases should be informed by scientific evidence 243 
about the likely spread of diseases and the severity of the animal and plant health 244 
problems they pose. Government policy for regulating disease is also determined, 245 
however, by the wider impacts that disease outbreaks have upon society and the 246 
economy. The differences between the two regimes outlined in Table 1 stem largely 247 
from the fact that certain animal diseases are considered to have more detrimental 248 
social and economic effects than plant diseases. The following two sections examine 249 
more specifically how the social and economic relations of infectious diseases shape 250 
the way diseases are managed.  251 
 252 
The social relations of infectious diseases 253 
 254 
A range of social factors, including consumer concerns, human health risks, concerns 255 
for wildlife and risks to countryside users, influence the political and regulatory 256 
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context for the management of infectious disease. Consumers expect wholesome and 257 
healthy food, and food-borne illnesses place vulnerable groups at risk of infection. 258 
Certain infectious diseases of animals are controlled because the human health 259 
impacts of animal diseases can be severe: approximately 75% of all recent emerging 260 
human diseases seem to originate from an animal source [21]. The Foresight report 261 
argues that this trend is “likely to continue and to be exacerbated by increasing 262 
human-animal contact and a growing demand for foods of animal origin” [21]. There 263 
are few direct risks to human health from plant diseases, notable exceptions being 264 
mycotoxins produced by some strains/species of Fusarium, which also cause head 265 
blight in cereal crops.   266 
 267 
Consumers are also concerned with the provenance of food and in particular with 268 
animal welfare. Indeed, welfare standards in food production and the safety of meat 269 
produced by intensive farming methods are among the concerns most frequently 270 
expressed by consumers about food [22]. Likewise, with regard to crop production, 271 
many consumers express preferences for organically produced food or food grown 272 
with minimal chemical pesticides [23]. The use of chemical pesticides continues to 273 
rise, however, with Defra estimating that over 30 million ha of crops were treated in 274 
2004, compared with 13.9 million ha in 1984.  The rising incidence of plant diseases 275 
makes it a matter of urgency therefore that research and development work be done to 276 
improve the utility and take-up of biopesticides [24], although there are limits to the 277 
protection they can provide [25]. Alternative strategies such as the use of transgenic, 278 
disease-resistant crops appear to be a distant possibility due to public concern over 279 
genetically modified organisms [26].  280 
 281 
An emerging concern, that is beginning to influence government policy-making, is the 282 
potential for disease outbreaks to interfere with public use or appreciation of the 283 
countryside. There are emerging human health risks, such as the threat of Lyme 284 
disease to countryside users which has reached almost 2000 cases per year in the UK. 285 
Such risks pose dilemmas particularly regarding sensitive risk communication to 286 
inform people of sensible precautions to take without unduly alarming them [27]. On 287 
the other hand, risk management responses such as the blanket closure of rural 288 
footpaths in a Foot and Mouth Disease outbreak (as happened in the UK in 2001) are 289 
now regarded as draconian, in preventing public use of the countryside: FMD poses 290 
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no significant human health risk, and the rationale for the ban was to prevent the 291 
theoretical risk of recreational users spreading the virus [28]. This issue and others, 292 
such as serious incidences of E. coli 0157 at farm visitor attractions, highlight tensions 293 
between the recreational and productive use of the countryside which considerably 294 
complicates the objectives and tactics of disease management. The effects of plant 295 
diseases may be less immediate, but, in certain cases, they may have more profound 296 
impacts on the enjoyment of the landscape. The outbreak of Dutch Elm disease in the 297 
1970s, for example, brought about the destruction of the majority of mature elms in 298 
the northern hemisphere, thus eliminating a prominent and ubiquitous feature of much 299 
of the open countryside [8]. The lessons to be learned from the Dutch Elm disease 300 
outbreak in the United Kingdom relate not only to the original scientific assessments 301 
made but the ways in which these were turned into official policies that downplayed 302 
the potential seriousness of the outbreak and failed to comprehend the cultural loss it 303 
would entail [29].  304 
 305 
The final significant societal influence on government policy for disease control 306 
concerns the interplay between wildlife, livestock and society. There is substantial 307 
conflict surrounding wild mammals in agricultural ecosystems particularly in relation 308 
to the perceived impact of predation and disease on domestic stock. Wild mammals 309 
can infect livestock with a variety of diseases, including bovine tuberculosis [30], 310 
which has provoked significant conflict between badger conservation and farming 311 
groups [31, 32]. Likewise, the increase in deer populations in the countryside is 312 
causing discord with agriculture, in part because of the potential for deer to act as 313 
sources of infectious disease for livestock [33]. There is a tension between the 314 
management and regulation of wildlife for food chain security and that for 315 
biodiversity conservation. The former implies the need for a rigid protective boundary 316 
around any animal system connected with the human food chain. However, that could 317 
militate against the conservation of more „natural‟ ecosystems, „co-produced‟ with 318 
farming and landscape-level approaches to biodiversity conservation [34]. An 319 
analogous situation arises with the interplay between crop or trade plants and natural 320 
plant communities, where there is a shared pathogen, as seen for P. ramorum and 321 
P.kernoviae affecting a wide range of host plants in both the ornamental nursery trade 322 
and woodland and heathland habitats. 323 
 324 
 11 
The regulatory context and the social impacts of diseases are inextricably linked. 325 
Understanding the importance of societal attitudes and preferences is essential to 326 
understanding why attempts to control disease succeed or fail, because seemingly 327 
„irrational‟ behaviour may undermine the premises or application of policy. This is 328 
particularly apparent in the case of public judgements of risk where there is much 329 
evidence to suggest that risk assessment in practice draws upon a wide variety of 330 
knowledge and experience, of which scientific information may be only a small part 331 
[35]. Mills et al [9] demonstrate through their comparison of the ornamental and 332 
mushroom sectors (for diseases such as P. ramorum or Mushroom Virus X) and also 333 
the cereal and potato sectors that growers and their consultants make complex 334 
assessments of the risk of diseases. These risk assessments are based not only on 335 
technical analysis but on intuitive reactions and political judgements also [36].  336 
 337 
The consequences of public concerns can be far-reaching in changing political and 338 
regulatory frameworks. An example is the recent decision to move from a risk-based 339 
to a hazard-based assessment system for chemical pesticides in the EU (the 340 
amendment of 91/414/EEC). Risk assessment is based on a combination of the 341 
intrinsic properties of a chemical and likely exposure; hazard assessment only takes 342 
account of the intrinsic properties. This will have a significant impact on the range of 343 
pesticides that can be used. The next section examines shifts occurring in the onus of 344 
responsibilities for disease management between the public and private sectors in 345 
response to the changing public and political perceptions of the scale and fairness of 346 
the distribution of costs involved. 347 
 348 
The economic relations of infectious diseases 349 
 350 
The second dimension that must be considered is the economic costs of managing 351 
disease and how these are distributed. Again, this is linked to, and has an influence on, 352 
the regulatory context. The economic impacts of disease are felt in terms of culled 353 
animals, damaged crops, lost productivity, loss of international trade, control and 354 
compensation costs, and rising food prices. As explained above, animal and plant 355 
diseases are treated differently by government and consequently their economic 356 
impacts are determined and distributed differently between state and industry.  357 
 358 
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For plant diseases, the costs of outbreaks are borne almost entirely by producers who 359 
receive no compensation from the government. Historically, given that many plant 360 
pests and pathogens require expert (often laboratory-based) identification, plant health 361 
controls have primarily relied on  government plant health inspectors (supported by an 362 
extensive Government-funded diagnostic testing programme) intercepting regulated 363 
pest and pathogens in order to reduce the likelihood of serious outbreaks.  As a 364 
consequence, although legislation allows Ministers to pay for the destruction of plants 365 
in certain circumstances, Government has not normally relied on compensation to 366 
incentivise notification of regulated pests by producers. Should it become necessary to 367 
destroy plants in large private gardens, however, plant disease control would become 368 
a much more contentious and politicised issue. Such a situation has already arisen in 369 
the USA where attempts to control citrus canker in Florida have involved the 370 
destruction of trees in residential areas [37].   371 
 372 
The costs that growers have to bear from plant diseases are considerable. For example, 373 
the Mushroom Virus X disease complex has undermined the viability of the UK 374 
mushroom industry, causing losses of over £50 million per annum in recent years [9]. 375 
Economic losses to crops from invasive pests are estimated at £4 billion per annum in 376 
the UK alone [38]. Sectoral losses of up to £80 million per annum have been 377 
estimated if statutory controls were to fail and an exotic plant disease such as ring rot 378 
of potato were to become established [26]. Plant pests are a significant constraint on 379 
agricultural production, responsible for around 40 per cent loss of potential global 380 
crop yields, caused roughly equally by arthropods, plant pathogens and weeds.  A 381 
further 20 per cent loss is estimated to occur after harvest [38].   382 
 383 
Endemic diseases of livestock that do not affect humans, like plant diseases, are left 384 
largely to farmers to manage as they choose, within legal limitations focused on 385 
public health and animal welfare. There may be a wider industry interest in the 386 
epidemiology of these diseases expressed in technical norms; for example, 387 
management of mastitis in dairy cows focuses on minimising the levels of immune 388 
cells in milk whilst maximising milk yield. One consequence of the absence of 389 
external social and political interest in these endemic diseases, though, is a lack of 390 
funding for research. A major exception that reinforces government‟s reluctance to 391 
intervene in others is bovine tuberculosis, which government has been seeking to 392 
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control and eradicate in the UK for more than a century. In 2007-8 Defra spent £77 393 
million – a fifth of its animal health and welfare budget - on dealing with this disease 394 
alone [39]. With bovine tuberculosis, payment of compensation appears to have 395 
fostered a self-perpetuating reliance on government to manage the disease, with 396 
farmers not incentivised to take sufficient biosecurity and precautionary measures 397 
[40].  398 
 399 
For exotic livestock diseases (FMD, avian influenza, Newcastle disease etc) 400 
government conventionally pays for the eradication of the disease and compensation 401 
to affected producers. In the case of large outbreaks, this can be a significant expense, 402 
as with the 2001 FMD outbreak, where costs of the epidemic were estimated at £5 403 
billion to the private sector and £3 billion to the public sector [41]. A 2008 National 404 
Audit Office report cited animal disease outbreaks as one of the reasons why the 405 
responsible government department - the Department of Environment, Food and Rural 406 
Affairs (Defra) - repeatedly overspends on its budget, while a more recent report 407 
highlighted the fact that this leads to shortfalls in other important areas such as animal 408 
welfare [42, 39]. The costs involved run on between outbreaks, in the maintenance of 409 
surveillance and disease control systems and the capacity to fight future large scale 410 
outbreaks, including vaccine banks and levels of mobilisable veterinary staff. These 411 
public costs are generally justified in terms of the production, trade and welfare 412 
benefits of the disease-free status of UK livestock. 413 
 414 
There are wider costs of disease beyond the impact on government and the 415 
agricultural sector. This is particularly true for livestock diseases. In the 2001 Foot 416 
and Mouth outbreak the economic impact on tourism and rural businesses – caused by 417 
footpath closures, disturbing images of „funeral pyres‟ and appeals from the 418 
government and farming groups for people to „stay away‟ from the countryside - was 419 
more severe than the losses to farming [43, 44]. For example in Cumbria, one of the 420 
worst affected counties, losses to the tourism sector were £260 million, compared 421 
with £136 million losses to agriculture [45]. Moreover, culled-out farmers received 422 
compensation for their losses from the government whereas the mainly small rural 423 
businesses that suffered losses received no compensation. 424 
 425 
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The economic impact of plant and animal diseases is inextricably linked to the 426 
regulatory context. As the cost to government of controlling animal diseases continues 427 
to rise to publicly unacceptable levels, the regulatory framework is beginning to 428 
change in order to curb and reallocate these costs. New developments such as the 429 
government‟s responsibility and cost sharing agenda could potentially transform the 430 
nature of disease control [46, 47, 48]. Through the sharing of responsibilities, 431 
government wants to achieve better management of animal disease risks so that the 432 
overall risks and costs are reduced and rebalanced between government and industry. 433 
Industry will assume a greater responsibility for developing policy and deciding what 434 
forms of intervention might be needed. Producers will have greater ownership of the 435 
risks, but will face less of a regulatory burden. This will entail greater attention to 436 
farm-level biosecurity, private measures such as insurance to compensate for disease 437 
losses, collective preventative schemes within farming sectors and government-438 
industry partnerships to tackle disease. Overall, there will be greater emphasis on 439 
farmer and industry responsibilities. This may be problematic because farmers‟ ability 440 
to control animal disease is subject to a range of influences and constraints [49, 50]. 441 
Even so, the pace of change is likely to be forced by wider pressures on public 442 
expenditure which demand that government prioritise its commitments ever more 443 
ruthlessly. 444 
 445 
Plant disease management with its history of private sector responsibility offers 446 
examples that the livestock sector might follow. Indeed, growers have devised 447 
imaginative programmes for biosecurity and crop insurance for major crops such as 448 
potatoes. However, the threats posed by horticultural plant imports to growers in 449 
general and to the wider environment may call for a more demonstrative response 450 
from government. Recently, some horticultural growers have experienced severe 451 
financial difficulties, particularly as a result of the ongoing P. ramorum outbreak, 452 
persuading government to explore the possibility of contributing to an industry-453 
financed hardship fund for seriously affected producers.  This may or may not set a 454 
precedent. The wider application of responsibility and cost sharing to plant disease, 455 
though, would face a number of technical obstacles, quite apart from the reluctance of 456 
government to enter into open-ended financial commitments [48]. There are a number 457 
of different sectors with different characteristics and disease vulnerabilities. It is also 458 
difficult if not impossible to assess the scale of the threat from as yet unrecognised 459 
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pests and pathogens that could be introduced by unscrupulous or ill-informed traders. 460 
This leads to intractable issues about identifying who the risk takers and risk acceptors 461 
actually are in different situations and how the responsibilities and costs of risk 462 
assessment and management could be shared rationally and equitably between the 463 
taxpayer and different trade sectors.   464 
 465 
An interdisciplinary approach  466 
 467 
All of the emerging threats and challenges described above invite new framings of 468 
disease management as the relationship between agricultural production, the rural 469 
environment and society changes. It is imperative that debates around disease control 470 
take into account their intrinsic biological and physical factors. It is taken as given 471 
that we need to have a thorough understanding of the epidemiology of the diseases, 472 
the diagnostics available to recognize their presence and the available means of 473 
treating them. However our understanding of the biology of animal and plant diseases 474 
must also inform and be informed by social science research. As this review illustrates,  475 
animal and plant diseases impact upon society in many ways, including through 476 
changing landscapes and land use, issues of food security and safety, concerns over 477 
animal welfare and ethical food production, and the use of pesticides and GMOs. 478 
Societal drivers, in turn, impact upon the conditions for and transmission of disease, 479 
ranging from influencing the changing governance and nature of agriculture, food 480 
production and trade, to efforts to prevent or control disease outbreaks. The ability to 481 
predict future disease risks, taking into account drivers such as climate change, is a 482 
fundamental research priority [51].  483 
 484 
The management of animal and plant diseases involves important political and 485 
economic choices that are more contestable the more the science is uncertain. For 486 
example, early in the BSE crisis there was considerable scientific uncertainty about 487 
whether the prion could transmit to humans, what the routes and probability of 488 
transmission were and the likely extent of mortality. Many persistent, food-borne, 489 
public health diseases such as E. coli 0157 are a function of complex, multi-causal 490 
relationships operating across food chains [52]. Such uncertainty and indeterminacy 491 
demand both interdisciplinary framings in research and holistic governance 492 
approaches that can incorporate a broader range of evidence [35]. In the past, policy-493 
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makers attempting to deal with disease and the contention it causes have taken a 494 
narrow scientific approach, sometimes with disastrous consequences. These 495 
experiences have led government to signal its desire to take a more holistic approach. 496 
In the 2004 Animal Health and Welfare Strategy, Defra stated its aim to “make a 497 
lasting and continuous improvement in the health and welfare of kept animals while 498 
protecting society, the economy, and the environment from the effect of animal 499 
diseases”. Likewise, Defra‟s Plant Health Strategy (2005) broadened the objectives of 500 
plant health to include preserving the natural environment for recreation and 501 
protecting the country‟s natural heritage and ecosystems.  502 
 503 
At the same time, policy-makers are beginning to recognise the benefits of a broader 504 
range of expertise in decision-making [53]. There has been a drive to incorporate 505 
social science into policy to complement the more established sources of natural 506 
science advice.  Defra has always been a heavy user of science, but the role for social 507 
science has been almost non-existent beyond narrowly defined economic and legal 508 
advice. Traditions of social science research in this field are much weaker than natural 509 
science traditions. With the exception of economic analyses of disease control and 510 
political science accounts of policy-making, social scientific research into the 511 
management and impact of infectious plant and animal diseases has been marginal [54, 512 
55]. The lack of conceptual frameworks for analysing disease as an economic or 513 
politico-social phenomenon has been blamed on the tendency for veterinarians to 514 
claim animal health as their field of expertise [56]. There is also an increasing demand 515 
for stakeholder engagement with the policy process. For the international regulation 516 
of plant health, arguments have been made that the full knowledge base should be 517 
called on, involving a broader stakeholder community than regulatory scientists and 518 
policy makers [57]. A role here for social scientists may be to provide robust tools for 519 
stakeholder identification and analysis to enable effective participation in disease 520 
management. 521 
 522 
A 2006 report by Defra‟s Science Advisory Council identified the various potential 523 
contributions of social science evidence, including: setting strategic direction; 524 
identifying policy need (i.e. key needs and drivers); providing evidence on the likely 525 
impact of policy changes; policy implementation (assessing how to engage people); 526 
and policy evaluation (evaluating the impacts of policies once implemented) [58]. 527 
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Moreover, the Science Advisory Council identified examples of „big social science 528 
challenges‟ central to Defra‟s main policy objectives, including: combating and 529 
adapting to climate change; promoting customer focused sustainable farming; 530 
managing food/farming/environmental risk events while avoiding panic; and changing 531 
stakeholder behaviour in relation to biosecurity [58]. Although recognising that social 532 
issues are integral to current policy objectives and that social scientists can provide 533 
important evidence for policy formulation, the Science Advisory Council also 534 
acknowledged that a rigid separation of natural and social science was not conducive 535 
to effective policy-making. The report argued against an “end of pipe” role for social 536 
science, whereby it exists solely to make natural scientific developments more 537 
publicly acceptable. Instead the Science Advisory Council suggested that “Social 538 
science can be relevant and useful to Defra in clarifying and refining the processes 539 
through which natural scientific evidence is itself generated and interpreted. In 540 
particular, it can assist in making more robust the shaping, framing and prioritising of 541 
scientific research, as well as the analysis and policy interpretation of uncertainties, 542 
divergent views and gaps in knowledge” [58]. Defra‟s own ten year Forward Look 543 
recognised the interrelationship between scientific developments and societal 544 
reactions, and the role of interdisciplinarity in managing this interrelationship, stating 545 
that “Mixed and variable public attitudes to the roles and applications of science and 546 
technology will remain a major driver for our science policy for the foreseeable future. 547 
This will be shaped by broader social trends (e.g. in attitudes to risk, ethical and 548 
privacy issues) coupled with increasing aspirations towards public accountability and 549 
democratic control of the direction of development of science and technology” [59, 550 
60].  551 
 552 
True interdisciplinarity means not only that scientists and social scientists work 553 
together but that both parties have a role to play in problem formulation, strategy 554 
formation and problem solving.  This requires a willingness on the part of each to 555 
familiarise themselves with the others‟ scientific literature and vocabulary so that a 556 
meaningful exchange can occur. Collaboration with the social sciences can bring 557 
different perspectives and methodologies to help reframe problems, or indeed reveal 558 
multiple or disputed understandings and thus expose diverse possibilities and 559 
alternative meanings [61]. In the context of infectious disease, this means challenging 560 
the artificial barriers that are created by governmental institutions and research 561 
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cultures, including the divisions between plant and animal diseases, between diseases 562 
that affect agricultural production and those that do not, and between endemic and 563 
exotic diseases. Transcending the social/natural science divide thus throws open the  564 
field of inquiry and the range of possible solutions. Inevitably, therefore, there are 565 
diverse approaches to interdisciplinary collaboration [62]. The papers in this theme 566 
issue illustrate the range of possible ways for natural and social scientists to work 567 
together. 568 
 569 
Contents of this issue 570 
 571 
This theme issue sees the pairing of many different disciplines in a set of papers that 572 
address many of the most pressing issues in animal and plant disease management. 573 
The papers by Woods [20], Enticott et al [63], and Potter et al [8] demonstrate the 574 
value of introducing historical perspectives upon contemporary problems. In Woods‟ 575 
paper, the history of animal disease management is traced in order to improve our 576 
understanding of contemporary disease control policy, its determinants and its 577 
deficiencies. Importantly, it demonstrates the limitations of the sciences to provide 578 
solutions to problems that have an inherently political and economic character. 579 
Enticott et al [63] make a complementary argument about the changing use of disease 580 
expertise as the privatisation of the veterinary profession leads to a weakened capacity 581 
for state intervention in disease control. Potter et al [8] adopt a rather different 582 
approach to historical data, by using models of the Dutch Elm Disease epidemic of the 583 
1970s to understand the current P. ramorum outbreak both in terms of its likely 584 
epidemiology and the social and economic effects that a large-scale tree disease 585 
outbreak will have. The paper highlights the relationship between scientific 586 
information and government‟s capacity to respond, a theme which also occurs in the 587 
analysis of endemic livestock diseases by Carslake et al [49]. The latter paper brings 588 
together a scientific analysis of the differing threats posed by a range of endemic 589 
cattle diseases with a political model of governance options, to show that policy 590 
responses are not always appropriate or proportional to disease risk. Together, these 591 
papers offer a critique of prevailing approaches to disease control that fail to take 592 
adequate account of the full range of scientific knowledge available. 593 
 594 
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The interrelationships between government regulation, industry and trade, and their 595 
effects on disease, are developed further by Chandler et al [24] who explore the role 596 
of biopesticides within an Integrated Pest Management approach, and consider the 597 
opportunities and limitations caused by public demand for alternative, non-chemical 598 
pest control, and burdensome regulations developed primarily to deal with chemical 599 
pesticides.  600 
 601 
The communication of risk to the public is a crucial element of any disease control 602 
strategy and the effective communication of complex information is explored in three 603 
papers in this issue. Strachan et al [52] marry an epidemiological assessment of E. 604 
coli 0157 risk with a sociological approach that uncovers public perceptions of risk. 605 
By combining the two, the paper increases our understanding of the correspondence 606 
between disease risk and disease incidence. Quine et al [27] study the epidemiology 607 
of Lyme disease in order to integrate scientific knowledge of the disease with models 608 
of risk communication. Their paper looks for ways to prevent disease spread without 609 
disproportionate adverse effects on the use of the countryside for work and leisure. 610 
Fish et al [64] take the issue of risk assessment for a range of diseases and pathogens 611 
(Foot and Mouth Disease, Avian Influenza and cryptosporidiosis) and develop a 612 
unifying framework to explain how scientific uncertainty across the sciences about 613 
disease spread can be incorporated into decisions about control measures.  614 
 615 
The last two papers of the issue consider the future of disease, using predictive models 616 
to extrapolate future trends. Mills et al [9] integrate natural and social science 617 
perspectives on risk to compare control strategies for P. ramorum and Mushroom 618 
Virus X, two plant diseases with the potential to impact seriously on the horticultural 619 
sector. Woolhouse [51] reviews methods of predicting the future of animal diseases 620 
such as BSE and Avian Influenza as well as the emergence of novel pathogens. The 621 
paper discusses the tendency for modellers to focus on particular drivers of change 622 
(such as global warming) to the detriment of other potentially important social factors 623 
such as civil disruption. Ultimately, then, each paper in this issue illuminates a part of 624 
the complex context in which disease outbreaks occur and are managed, and 625 
demonstrates the value of bringing multiple perspectives to bear on this inherently 626 
interdisciplinary problem. 627 
 628 
 20 
Acknowledgements 629 
 630 
We thank the UK Research Councils‟ Rural Economy and Land Use (Relu) 631 
programme (RES 224-34-2003-01; RES 229-31-0001) for funding. Relu is funded 632 
jointly by the Economic and Social Research Council, the Biotechnology and 633 
Biological Sciences Research Council and the Natural Environment Research Council, 634 
with additional funding from the Department for Environment, Food and Rural 635 
Affairs and the Scottish Government. 636 
 637 
References 638 
 639 
[1] Lyall, C., Suk, J. and Tait, J. 2006 T3: Risk Evaluation Work Package: 640 
Results from Expert Survey. Office of Science and Innovation Foresight: Detection 641 
and Identification of Infectious Diseases. 642 
[http://www.foresight.gov.uk/Infectious%20Diseases/T3.pdf] 643 
 644 
[2] Baylis, M. 2006 T7.1: Climate Change and Diseases of Plants, Animals and 645 
Humans: an Overview. Office of Science and Innovation Foresight: Detection and 646 
Identification of Infectious Diseases. 647 
[http://www.foresight.gov.uk/Infectious%20Diseases/t7_1.pdf] 648 
 649 
[3] Milus, E., Kristensen, K. and Hovmoller, M. 2009 Evidence for increased 650 
aggressiveness in a recent widespread strain of Puccinia striiformis f. Sp. Tritici 651 
causing stripe rust of wheat. Phytopathology 99.1 pp89-94 652 
 653 
[4] Woolhouse, M., Haydon, D., and Antia, R. 2005 Emerging pathogens: the 654 
epidemiology and evolution of species jumps. Trends in Ecology and Evolution 20.5 655 
pp238-244. 656 
 657 
[5] Jackson, J., Li, Y., Murrells, T., Passant, N., Sneddon, S., Thomas, J., 658 
Thistlethwaite, G., Dyson, K., and Cardenas, L. 2008 Greenhouse Inventories for 659 
England, Scotland, Wales and Northern Ireland: 1990-2006. ISBN 0-9554823-7-2. 660 
 661 
 21 
[6] Banks, C., Swinbank, A. and Poppy, G. 2009 Anaerobic digestion and its 662 
implications for land use. In Winter, M. and Lobley, M. (eds) What is Land For? The 663 
Food, Fuel and Climate Change Debate. London: Earthscan pp101-134. 664 
 665 
[7] Burton, C.H. and Turner, C. 2003 Manure Management: Treatment Strategies for 666 
Sustainable Agriculture. 2nd Ed., Silsoe Research Inst., Silsoe, Bedford, UK. 667 
 668 
[8] Potter, C., Harwood, T., Knight, J. and Tomlinson, I. 2011 Learning from history, 669 
predicting the future: the UK Dutch Elm Disease outbreak in relation to contemporary 670 
tree disease threats Phil. Trans. R. Soc. B 671 
 672 
[9] Mills, P., Dehnen-Schmutz, K., Ilbery, B., Jeger, M., Jones, G., Little, R., 673 
MacLeod, A., Parker, S., Pautasso, M., Pietravalle S. and Maye, D. 2011 Integrating 674 
natural and social science perspectives on plant disease risk, management and policy 675 
formulation Phil. Trans. R. Soc. B 676 
 677 
[10] Waage, J. and Mumford, J. 2008 Agricultural biosecurity. Phil. Trans. R. Soc. B. 678 
363.1492 pp863-876 679 
 680 
[11] Waage J.K., Woodhall J.W., Bishop S.J., Smith, J.J.M. Jones D.R. and Spence 681 
N.J. 2009 Patterns of plant pest introductions in Europe and Africa. Agricultural 682 
Systems 99 pp1-5  683 
 684 
[12] Dehnen-Schmutz, K., Holdenrieder, O., Jeger, M.J. and Pautasso, M.J. 2010 685 
Structural change in the international horticultural industry: some implications for 686 
plant health. Scientia Horticulturae 125.1 pp1-15 687 
 688 
[13] Drew, J., Anderson, N. and Andow, D. 2010 Conundrums of a complex vector 689 
for invasive species control: a detailed examination of the horticultural industry. 690 
Biological Invasions 12.8 pp2837-2851 691 
 692 
[14] Lowe, P., Phillipson, J. and Lee, R.P. 2008 Socio-technical innovation for 693 
sustainable food chains: roles for social science Trends in Food Science and 694 
Technology, 19(5), pp226-233.  695 
 22 
 696 
[15] Hovmoller, M., Justesen, A. and Brown, J. 2002 Clonality and long-distance 697 
migration of Puccinia striiformis f.sp tritici in north-west Europe. Plant Pathology 698 
51.1 pp24-32. 699 
 700 
[16] Green, L. 2010 Epidemiological information in sheep health management. Small 701 
Ruminant Research 92 pp57-66. 702 
 703 
[17] Heffernan, C.,  Misturelli, F., Nielsen, L., Gunn, G.J.,  Yu, J. 2009 Analysis of 704 
Pan-European attitudes to the eradication and control of bovine viral diarrhoea 705 
Veterinary Record 164, pp.163-167 706 
 707 
[18] Brasier, C. 2008 The biosecurity threat to the UK and global environment from 708 
international trade in plants. Plant Pathology 57 pp792-808 709 
 710 
[19] Woods, A. 2004 A Manufactured Plague: The History of Foot and Mouth 711 
Disease in Britain. London, Earthscan. 712 
 713 
[20] Woods, A. 2011 A historical synopsis of farm animal disease and public policy 714 
in 20
th
 century Britain Phil. Trans. R. Soc. B 715 
 716 
[21] Rweyemamu, M. Musiime, J. Thomson, G. Pfeiffer, D., Peeler, E. 2006 D3.2: 717 
Future Control Strategies for Infectious Animal Diseases Case Study of the UK and 718 
Sub-Saharan Africa. Office of Science and Innovation Foresight: Detection and 719 
Identification of Infectious Diseases. 720 
[http://www.foresight.gov.uk/Infectious%20Diseases/d3_2.pdf] 721 
 722 
[22] Miles, S., Brennan, M., Kuznesof, S., Ness, M., Ritson, C. and Frewer, L. 2004 723 
Public worry about specific food safety issues. British Food Journal 106.1 pp9-22 724 
 725 
[23] Miles, S. and Frewer, L. 2001 Investigating specific concerns about different 726 
food hazards. Food Quality and Preference 12.1 pp47-61. 727 
 728 
 23 
[24] Chandler, D., Bailey, A.S., Tatchell, G.M., Davidson, G., Greaves, J., Grant, W.P. 729 
2011  The development, regulation and use of biopesticides for Integrated Pest 730 
Management Phil. Trans. R. Soc. B 731 
 732 
[25] Bailey, A., Chandler, D., Grant, W.P., Greaves, J., Prince, G. and Tatchell, M.  733 
2010 Biopesticides: Pest Management and Regulation. Wallingford: CABI. 734 
 735 
[26] Barker, I. Bokanga, M., Lenne, J., Otim-Nape, W. and Spence, N. 2006 D3.1: 736 
Future Control of Infectious Diseases in Plants with Emphasis on Sub-Saharan Africa. 737 
Office of Science and Innovation Foresight: Detection and Identification of Infectious 738 
Diseases. [http://www.foresight.gov.uk/Infectious%20Diseases/d3_1.pdf] 739 
 740 
[27] Quine, C.P., Barnett, J., Dobson, A.D.M., Marcu, A., Marzano, M., Moseley, D., 741 
O'Brien, L., Randolph, S.E., Taylor, J.L. and Uzzell, D. 2011 Frameworks for risk 742 
communication and disease management: the case of Lyme disease and countryside 743 
users Phil. Trans. R. Soc. B 744 
 745 
[28] Lessons to be Learned Inquiry 2002 Foot and Mouth Disease 2001: Lessons to 746 
be Learned Inquiry. HC Paper 888. The Stationery Office, London 747 
 748 
[29] Tomlinson, I. and Potter, C., 2009 „Too little, too late‟? Science, policy and 749 
Dutch Elm Disease in the UK Journal of Historical Geography 36.2 pp121-131 750 
 751 
[30] Donnelly, C.A., Wei, G., Johnston, W.T., Cox, D.R., Woodroffe, R., Bourne, F.J., 752 
Cheeseman, C.L., Clifton-Hadley, R.S., Gettinby, G., Gilks, P., et al. 2007. Impacts of 753 
widespread badger culling on cattle tuberculosis: concluding analyses from a large-754 
scale field trial. Int J Infect Dis. 11 pp300-308 755 
 756 
[31] Grant, W. 2009 Intractable policy failure: the case of bovine TB and badgers. 757 
British Journal of Politics and International Relations, 11. 4 pp557-573. 758 
 759 
[32] Wilkinson, K. 2007 Evidence based policy and the politics of expertise: a case 760 
study of bovine tuberculosis. Discussion Paper no.12, Centre for Rural Economy: 761 
Newcastle University. 762 
 24 
 763 
[33] Böhm, M., White, P.C.L., Hunter, J., Smith, L. and Hutchings, M.R. 2007 Wild 764 
deer as a source of infection for livestock and humans in the UK. Veterinary Journal, 765 
174 pp260–276. 766 
 767 
[34] White, P. and Lowe, P. 2008 Wild mammals and the human food chain. Mammal 768 
Review 38.2-3 pp117-122 769 
 770 
[35] Shepherd, R. 2008 Involving the public and stakeholders in the evaluation of 771 
food risks Trends in Food Science and Technology 19 (5) pp234-239 772 
 773 
[36] Slovic, P., Finucane, M.L., Peters, E. and MacGregor, D.G. 2004 Risk as 774 
analysis and as feelings; some thoughts about effect reason, risk and rationality. Risk 775 
Analysis 24 pp311-322. 776 
 777 
[37] Gottwald, T., Hughes, G., Graham, J., Sun, X. and Riley, T (2001) The citrus 778 
canker epidemic in Florida: the scientific basis of regulatory eradication policy for an 779 
invasive species. Phytopathology 91.1 pp30-34 780 
 781 
[38] Chandler
 
D., G. Bending, J. Clarkson, G. Davidson, S. Hall, P. Mills, D. Pink, D. 782 
Skirvin, D., Neve, P., Kennedy, R. et al  2008 The consequences of the ‘cut off’ 783 
criteria for pesticides: alternative methods of cultivation - A Briefing Paper for the 784 
Committee on Agriculture and Rural Development of the European Parliament 785 
http://www2.warwick.ac.uk/fac/soc/pais/biopesticides/publications/warwick_ipm_for786 
_eu_parliament_-_numbered.doc 787 
 788 
[39] National Audit Office 2009 The Health of Livestock and Honeybees in England, 789 
London: The Stationery Office. 790 
 791 
[40] Enticott, G. 2008 The spaces of biosecurity: prescribing and negotiating solutions 792 
to bovine tuberculosis. Environment and Planning A 40 pp1568-1582 793 
 794 
[41] National Audit Office 2002 The 2001 Outbreak of Foot and Mouth Disease HC 795 
939 Session 2001-2002. London: Stationary Office. 796 
 25 
[42] National Audit Office 2008 Department for Environment, Food and Rural 797 
Affairs: Management of Expenditure, London: The Stationery Office. 798 
 799 
[43] Donaldson, A., Lowe, P. and Ward, N. (2002) Virus-crisis-institutional change: 800 
The foot and mouth actor network and the governance of rural affairs in the UK 801 
Sociologia Ruralis 42 (3), pp201-214. 802 
 803 
[44] Phillipson J., Bennett K., Lowe P., Raley M. 2004 Adaptive responses and asset 804 
strategies: the experience of rural micro-firms and Foot and Mouth Disease. Journal 805 
of Rural Studies, 20(2), pp227-243.  806 
 807 
[45] Bennett, K. and Phillipson, J. 2004 A plague upon their houses: revelations of the 808 
Foot and Mouth Disease epidemic for business households. Sociologia Ruralis 44.3 809 
pp261-284 810 
 811 
[46] Campbell, D. and Lee, R. 2002 How MAFF caused the foot and mouth epidemic, 812 
The Newsletter of the Socio-Legal Studies 38 (Winter edition). 813 
 814 
[47] England Advisory Group on Responsibility and Cost Sharing 2010 815 
Responsibility and Cost Sharing for Animal Health and Welfare. Final Report 816 
December 2010. 817 
 818 
[48] Waage, J., Mumford, J.D, Leach, A.W, Knight, J.D. and Quinlan, M.M. 2007 819 
Responsibility and Cost Sharing Options for Quarantine Plant Health.  Department 820 
for Environment, Food and rural Affairs, UK.  821 
 822 
[49] Carslake, D., Grant, W., Green, L.E., Cave, J., Greaves, J., Keeling, M., 823 
McEldowney, J., Weldegebriel , H., Medley, G.F. 2011 Endemic cattle diseases: 824 
comparative epidemiology and governance Phil. Trans. R. Soc. B 825 
 826 
[50] Heffernan, C., Nielsen, L., Thomson, K. and Gunn, G. 2008 An exploration of 827 
the drivers to bio-security collective action among a sample of UK cattle and sheep 828 
farmers Preventive Veterinary Medicine 87, pp358–372 829 
 830 
 26 
[51] Woolhouse, M. 2011 How to make predictions about future infectious disease 831 
risks Phil. Trans. R. Soc. B 832 
 833 
[52] Strachan, N.J.C., Hunter, C.J., Jones, C.D.R., Wilson, R.S., Ethelberg, S., Cross, 834 
P., Williams, A.P., MacRitchie, L., Rotariu, O., Chadwick, D. 2011 The relationship 835 
between lay and technical views of Escherichia 0157 risk Phil. Trans. R. Soc. B 836 
 837 
[53] Pielke, R.A. 2007 The Honest Broker: Making Sense of Science on Policy and 838 
Politics Cambridge, Cambridge University Press. 839 
 840 
[54] Rushton, J. 2009 The Economics of Animal Health and Production, CAB 841 
International, Wallingford UK and Cambridge, MA, USA 842 
 843 
[55] Wilkinson, K. forthcoming. Organized Chaos: An interpretive approach to 844 
evidence-based policy making in Defra. Political Studies 845 
 846 
[56] McInerney, J. 1996 Old economics for new problems – livestock disease: 847 
presidential address. Journal of Agricultural Economics 47.3 pp295-314 848 
 849 
[57] MacLeod, A., Pautasso, M., Jeger, M.J., and Haines-Young, R. 2010 Evolution 850 
of the international regulation of plant pests and challenges for future plant health. 851 
Food Security, 2, 49-70. 852 
 853 
[58] Science Advisory Council 2006 Increasing the capacity and uptake of social 854 
research in Defra. 855 
Online: 856 
http://webarchive.nationalarchives.gov.uk/20081107164657/http://www.defra.gov.uk/857 
science/documents/papers/2007/SAC(06)42SocialScience.pdf 858 
 859 
[59] Defra 2005 Evidence and Innovation: Defra’s needs from the sciences over the 860 
next 10 years, London: Defra. 861 
 862 
[60] Defra 2010 Defra’s Evidence Investment Strategy 2010–2013 and beyond, 863 
London: Defra 864 
 27 
 865 
[61] Phillipson, J., Lowe, P. and Bullock, J. 2009 Navigating the social sciences: 866 
interdisciplinarity and ecology. Journal of Applied Ecology 46.2 pp261-264 867 
 868 
[62] Greaves, J. and Grant, W. 2010 Crossing the interdisciplinary divide: political 869 
science and biological science. Political Studies 58 pp320-339 870 
 871 
[63] Enticott, G., Donaldson, A., Lowe, P., Power, M., Proctor, A. and Wilkinson, K. 872 
2011 The changing role of veterinary expertise in the food chain Phil. Trans. R. Soc. 873 
B 874 
 875 
[64] Fish, R., Austin, Z., Christley, R., Haygarth, P.M., Heathwaite, L., Latham, S., 876 
Medd, W., Mort, M., Oliver, D.M., Pickup, R., Wastling, J.M., Wynne, B. 2011 877 
Uncertainties in the governance of animal disease: an interdisciplinary framework for 878 
analysis. Phil. Trans. R. Soc. B 879 
